The effects of Mg2+ at the high-affinity and low-affinity sites on the polymerization of actin and associated ATP hydrolysis.
Actin contains a single high-affinity cation-binding site, for which Ca2+ and Mg2+ can compete, and multiple low-affinity cation-binding sites, which can bind Ca2+, Mg2+, or K+. Binding of cations to the low-affinity sites causes polymerization of monomeric actin with either Ca2+ or Mg2+ at the high-affinity site. A rapid conformational change occurs upon binding of cations to the low-affinity sites (G----G) which is apparently associated with the initiation of polymerization. A much slower conformational change (G----G', or G----G' if the low-affinity sites are also occupied) follows the replacement of Ca2+ by Mg2+ at the high-affinity site. This slow conformational change is reflected in a 13% increase in the fluorescence of G-actin labeled with the fluorophore 7-chloro-4-nitrobenzene-2-oxadiazole (NBD-labeled actin). The rate of the ATP hydrolysis that accompanies elongation is slower with Ca-G-actin than with Mg-G'-actin (i.e. with Ca2+ rather than Mg2+ at the high-affinity site) although their rates of elongation are similar. The slow ATP hydrolysis on Ca-F-actin causes a lag in the increase in fluorescence associated with the elongation of actin labeled with the fluorophore N-pyrene iodoacetamide (pyrenyl-labeled actin), even though there is no lag in the elongation rate, because pyrenyl-labeled ATP-F-actin subunits have a lower fluorescence intensity than pyrenyl-labeled ADP-F-actin subunits. The effects of the cation bound to the high-affinity binding site must, therefore, be considered in quantitatively analyzing the kinetics of polymerization of NBD-labeled actin and pyrenyl-labeled actin. Although their elongation rates are not very different, the rate of nucleation is much slower for Ca-G-actin than for Mg-G'-actin, probably because of the slower rate of ATP hydrolysis when Ca2+ is bound to the high-affinity site.